ABSTRACT The impact of invasive alien species on native organisms is a cause for serious concern. This concern is especially relevant in the Hawaiian archipelago because of its high level of endemicity, severe impacts of accidental introductions of invasive species, and long history of purposeful biological control introductions. Results from a previous study showed that the parasitoid assemblage associated with an endemic moth Udea stellata (Butler) comprised seven species: three adventive species, two purposely introduced species, and two of unknown origin. The objectives of this study were to assess the parasitism levels of alien wasps on populations of U. stellata at different sites and to determine the speciÞc stages that were used by the spectrum of parasitoid species that attack U. stellata. Standardized collections of wild larvae were conducted at eight sites located on the islands of Kauai, Oahu, and Hawaii. In total, 3,531 larvae were collected in a 2-yr survey. Of these, 8.0% were collected as Þrst instar, 23.0% as second instar, 39.0% as third instar, 21.0% as fourth instar, 7.1% as Þfth instar, and 1.8% as sixth instar. Of the larvae that survived laboratory rearing, 43.0% were parasitized. Information collected in the surveys was complemented with data from life-table studies to determine stage-speciÞc parasitism. All larval stages were susceptible to parasitism by at least one parasitoid species; second and third instars were susceptible to attack by all seven parasitoid species. Adventive parasitoids rather than purposely introduced ones were responsible for the greater part of the apparent mortality observed. At low and low-medium elevations, the parasitoid assemblage was dominated by adventive species. The two purposely introduced parasitoids were present in remote relatively undisturbed sites on the islands Kauai and Hawaii. The sometimes high parasitism rates by adventive species found in this study were shown to have minimal effect at the population level in our life table study; therefore, care should be taken when interpreting Þeld parasitism data. Carefully addressing current ecological impacts of alien parasitoids on native species is of particular importance for developing more efÞcient means to quantify the risks of future biological control introductions.
Classical biological control of insect pest species was initiated more than a century ago and has proven to be a valuable strategy to control pests in agricultural and natural systems as an alternative to dependence on pesticide use (Pimentel 1997) . The practice of biological control was long considered an environmentally safe approach (Van den Bosch and Messenger 1973 , De Bach 1974 , Simmonds and Bennett 1977 , Caltagirone and Huffaker 1980 , but it is now known that this strategy is not risk free and that it can potentially cause negative effects on native and desirable species (Howarth 1983 (Howarth , 1991 Gagné and Howarth 1985; Nechols et al. 1992; Lockwood 1993; Simberloff and Stiling 1996) .
During the early 1900s, biological control introductions lacked careful planning before release of natural enemies into the new geographic area. Some of these introductions included generalist predators and parasitoids. In most of these cases, nontarget effects on native species were not examined because of lack of concern for potential negative effects or were not considered negative but a potential means of maintaining populations of biological control agents when the target pest was scarce. Some of these early releases account for the undesirable effects that some agents have had on native species and other desirable organisms.
Concerns about the effects of purposely introduced species on endemic fauna were expressed more than a century ago in Hawaii by Perkins (1897) . Nevertheless, it was only since the 1980s that these concerns garnered international attention, with Hawaii being the center of debate. Howarth (1983) claimed that population declines and even extinctions of some native Lepidoptera species in Hawaii were caused by parasitism by purposely introduced biological control agents. This situation divided conservationists and biological control practitioners around the world and has contributed to a signiÞcant reduction of biocontrol introductions in Hawaii and elsewhere because of rigid regulations (Messing 1999) .
After the publication of the papers of Howarth (1983 Howarth ( , 1991 , which lacked any quantitative data, studies on the impacts of introduced natural enemies were initiated in Hawaii and in other parts of the world. Henneman and Memmott (2001) collected larvae of many native Lepidoptera species in a remote site on the island of Kauai spanning a 2-yr period. They found that most of the parasitoid species associated with the immature stages of these native species were purposely introduced parasitoids and suggested that the introduced species signiÞcantly altered the food-web structure. Other more speciÞc and comprehensive studies have been conducted, such as that of Duan and Messing (2000) on introduced parasitoids against tephritid fruit ßies. They found that impacts of purposely introduced species on native and desirable (weed biological control agents) Tephritidae were minimal compared with the ones caused by accidentally introduced parasitoid species. Similar results were reported by Johnson et al. (2005) , who studied the effects of parasitoids introduced to control the southern green sting bug, Nezara viridula (Pentatomidae), on the endemic koa bug Coleotichus blackburniae (Scutellaridae). They also concluded that adventive predators had the greatest impact on C. blackburniae populations, whereas effects of intentionally introduced species were relatively minor.
It has been recognized that retrospective studies on past biological control introductions provide opportunities to improve the prerelease decision-making process for future biological control programs (Follett et al. 2000a , Louda et al. 2003 , Barratt et al. 2006 . No biological control species introduced into Hawaii since 1970 have been found to attack native fauna or exotic desirable species, suggesting that screening methods became more rigorous and were effective (Funasaki et al. 1988, Messing and Wright 2006) . However, earlier purposeful and accidental introductions offer the opportunity to collect valuable data retrospectively.
Hawaii is a unique place to study nontarget effects from biocontrol because of its high rate of endemism and its long history of biocontrol introductions (Funasaki et al. 1988) . Hawaii is also remarkable for its abundance of invasive species, which pose signiÞcant problems not only in agricultural areas but also in remote natural areas, a situation that in many cases makes biological control the only feasible option for sustained suppression of invasive species and a tool for conservation (Hoddle 2004) . Each year, an average of 17 arthropod species accidentally arrive in the Hawaiian Islands, many of which become permanently established and create severe environmental and economic problems (Messing and Wright 2006) . For example, one of the most recent invaders, the Erythrina gall wasp (Quadrastichus erythrinae, Eulophidae), has placed the endemic coral tree Erythrina sandwichensis (Leguminosae) under severe duress, and many conservation biologists and managers are concerned the tree will be driven to extinction. Currently, biological control seems like the only feasible option for sustainable suppression of the gall wasps.
The Hawaiian entomofauna is diverse, with a high degree of endemism. The Hawaiian Lepidoptera are represented by 957 described native species in 17 families (Zimmerman 1958a, b, c; Howarth and Mull 1992; Nishida 2002) . This order has been the target of many biological control introductions against nonnative Lepidoptera species and even in rare instances against native species considered pests in agricultural settings (Funasaki et al. 1988) .
The genus Udea (Lepidoptera: Crambidae) is a very large group that occurs in the Americas, Eurasia, and into the PaciÞc (Zimmerman 1958b) . Hawaii has 44 endemic species in this genus (Nishida 2002) . Udea stellata was Þrst described by Butler (1883) and is the nontarget subject of this study. U. stellata presents an appropriate organism to study the effects of introduced species, because it occurs across a broad range of elevations and is present on all Hawaiian Islands in areas of varying ecological disturbance.
The parasitoid assemblage associated with U. stellata larvae includes seven koinobiont solitary endoparasitoids (Kaufman and Wright 2009a) . Two of them are listed as species of adventive origin: Casinaria infesta (Cresson) and Trathala flavoorbitalis (Cameron) (Nishida 2002) . Triclistus nr. aitkeni (Cameron) is a new adventive species to the Hawaiian Islands ; two species were purposely introduced for biological control purposes: Meteorus laphygmae (Viereck) and Cotesia marginiventris (Cresson) (Nishida 2002) . Two species are of uncertain origin. Diadegma blackburni (Cameron), listed as adventive (Nishida 2002) , is possibly endemic to Hawaii (Oboyski et al. 2004) , and Pristomerus hawaiiensis (Perkins) , listed as endemic (Nishida 2002) , may be adventive to the islands (Fullaway and Krauss 1945, Stein 1983 ). All parasitoid species recorded are larval parasitoids expect for T. nr. aitkeni, which is a larvalpupal parasitoid. All of them can exploit other species of Lepidoptera (Zimmerman 1958a, b, c) .
This study had two speciÞc objectives: (1) assess the parasitism levels of alien wasps on populations of U. stellata at sites with varying levels disturbance and elevation and (2) determine the speciÞc stages that were used by the spectrum of parasitoid species that attack U. stellata. We also compared the results of this study with results from our life-table analysis of mortality inßicted by the same parasitoids in this system (Kaufman and Wright 2009b) .
Materials and Methods
Study System. The study system consisted of the endemic host plant Pipturus spp., the endemic moth U. stellata, and the parasitoid assemblage associated with the larval stages of this moth.
Pipturus spp. (Urticaceae) is a genus of some 30 Ð 40 species, distributed from the Mascarene Islands to Malaysia, Australia, and many PaciÞc islands (Wagner et al. 1999) . The Hawaiian Pipturus are commonly known as "mamaki" or "mamake." This plant is a relatively common shrub of mesic areas throughout the islands (Sohmer and Gustafson 1993) . Mamaki ßowers are inconspicuous, and the fruits are unusual white masses (Pratt 1998) . Pipturus albidus was sampled on Oahu and Hawaii. This species is a shrub or small tree 2Ð 6 m tall. Pipturus kauaiensis, shrubs of 1.5Ð3 m tall, were sampled on Kauai.
Udea stellata caterpillars are pale whitish-green and head testaceous without markings except the black eyes. They feed on the underside of the leaves and are protected by a thin web that they spin (Zimmerman 1958b) . U. stellata undergoes six instars (Kaufman and Wright 2009a) .
Study Sites. An extensive Þeld survey was carried out over a 2-yr period from July 2004 to July 2006. U. stellata larvae were collected from eight sites on three islands of the Hawaiian archipelago (Table 1) Sites located below 500 m were considered low elevation sites, sites between 500 and 900 m were considered medium elevation sites, and those above 900 m were considered high elevation sites. Sites located at higher elevations, such as sites in Kauai and Volcano on the island of Hawaii, were the least disturbed; sites at lower elevations, such as Tantalus and Pali, were the most disturbed (Table 1) . Disturbance refers to the degree of presence of exotic plants in a patch. At each site, mamaki plants were present in patches (between three to Þve patches per site). At each mamaki patch, a 10 by 10-m plot was used to estimate disturbance level. Disturbance level was categorized as low when Ͻ60% of all plants in a patch were exotic species, medium when 60 Ð 80% of the plants in a patch were exotic species, and high when Ͼ80% of plants in a patch were exotic species (Table 1) .
Sampling and Rearing Methods. Monthly sampling was conducted by randomly selecting plants within mamaki patches and visually inspecting a predetermined number of leaves per tree. Thirty leaves per plant were inspected in the Oahu sites, whereas 60 leaves per plant were inspected in Kauai and Hawaii sites. The difference in the number of leaves sampled was because of differences in the density of leaves per plant; plants in the Oahu sites were taller and with fewer leaves, whereas plants on the islands of HawaiÕi and Kauai were bushier and with more leaves. The total number of plants sampled varied from 8 to 20 per site. Plant sample sizes were dictated by the abundance and accessibility of the host plants in the various locations, hence the disparity in number of plants sampled.
Larvae found during the above surveys were collected and returned to the laboratory to be categorized by larval instar based on head capsule measurements (Kaufman and Wright 2009a) . Each larva was placed individually into a labeled plastic container (30-ml clear plastic container). Feces and old plant material were removed, and new plant material was added to the containers every day or every other day depending on the rate of feeding. Host plants used for feeding the larvae were grown from seed in the greenhouse facility at the University of Hawaii. Field-collected larvae were reared to the adult stage, until parasitoids emerged or they died. Emerging parasitoids were pinned for identiÞcation. Specimens were identiÞed using unpublished keys to the Hawaii Ichneumonidae (compiled by J. W. Beardsley) and also by comparing adult voucher specimens with speci- Information on the larval stage at the time of collection and parasitoids reared from them (this study) was used in combination with data collected in a partial life-table study (Kaufman and Wright 2009b) to determine the speciÞc stages that were used by the spectrum of parasitoid species that attack U. stellata. In developing the partial life-table studies (Kaufman and Wright 2009b) , sentinel larvae of all instars were deployed on sentinel host plants in the Þeld, where they were exposed simultaneously to parasitoids and other sources of mortality for the duration of each instar. In this study, head capsule diameter at the time of emergence of the parasitoid was measured to determine the stage at which the host has killed. Data Analysis. Percentage parasitism was calculated for larvae of known fate as % Parasitism ϭ Parasitized hosts/(parasitized ϩ unparasitized hosts) ϫ 100.
Larvae were not dissected, but data from dissected pupae (which died but from which no parasitoid emerged) were included. Parasitism rates were subject to arcsine transformation to normalize the data. A mixed model analysis of variance (ANOVA) was conducted using SAS PROC MIXED (SAS Institute 2003) to detect signiÞcant differences of mean percentage parasitism by each parasitoid across all sites, all months, and all instars, as well as mean percentage parasitism by site across all parasitoids and all months. The mixed model approach was used because of the disparities in sample sizes and resulting unbalanced design and the repeated sampling of the same plant patches. ANOVA using SAS PROC MIXED (SAS Institute 2003) was conducted to analyze percentage of dead larvae by instar. Because of disparity in numbers of larvae collected by site and by sampling time, means and 95% conÞdence intervals were plotted in graphs. Data presented in graphs are untransformed means.
Results
During the 2 yr of the study, 3,531 larvae were collected at all sites (Table 1) . Of these, 2,267 survived laboratory rearing, whereas 1,264 died. Larvae that did not survive laboratory rearing died because of unknown bacterial and fungal infections or unknown causes. Of those that survived, 42.9% (973/2,267) were parasitized. Larvae that did not pupate were not taken into account for calculation of parasitism rates.
Parasitism by Species and by Larval Stage. Table 1 shows the total number of larvae found and corresponding fates per site for the 25 mo of sampling. Of the 3,531 larvae collected, 8.0% were Þrst instar, 23.5% second instar, 39.1% third instar, 20.6% fourth instar, 7.1% Þfth instar, and 1.8% sixth instar. There was a trend for older larvae to be parasitized more heavily than younger ones, except for the sixth instar (Fig. 1) . However, there was no signiÞcant correlation (r ϭ Ϫ0.486; df ϭ 4; P Ͼ 0.05) between percentage of larvae collected by larval stage and percentage parasitism at that particular stage. Figure 2 shows the mean percentage parasitism by the seven parasitoid species for each of the six larval stages collected. Only three of the seven parasitoid species (D. blackburni, P. hawaiiensis, and T. flavoorbitalis) reared during the course of the study were found parasitizing the Þrst instar, whereas all seven species were reared from larvae collected from second to sixth instar. For most parasitoid species recorded, there was a cumulative trend in parasitism rate by instar, except for T. flavoorbitalis and P. hawaiiensis, which maintained a fairly consistent parasitism rate across all instars collected.
There was an overall signiÞcant difference in parasitism by parasitoid species (F 6,1131 ϭ 65.05, P Ͻ 0.0001) and parasitism by instar (F 5,3707 ϭ 6.22, P Ͻ 0.0001). Similarly, there was an overall signiÞcant interaction between parasitoid and instar (F 30,3707 ϭ 1.64, P ϭ 0.016), suggesting that for certain parasitoids parasitism rates were inßuenced by instar at the time of collection. When this aspect was analyzed in greater detail, it was shown that for most wasps parasitism rates by instar at the time of collection did not vary signiÞcantly, except for T. nr. aikeni (F 5,508 ϭ 8.61; P Ͻ 0.001) and C. marginiventris (F 5,508 ϭ 3.13, P ϭ 0.009). Figure 3 shows larval stages susceptible to parasitism as well as stages at which the host dies for each of the seven parasitoid species. Of the seven parasitoids reared, six were larval endoparasitoids, and T. nr. aitkeni was the only larval-pupal endoparasitoid. All larval stages were susceptible to parasitism by at least one parasitoid species (sixth instar was only parasitized by T. nr. aitkeni). The Þrst Þve instars were susceptible to attack by multiple parasitoid species, from three (Þrst instar) to all seven (second and third Parasitism by Sites. In the Oahu sites, the parasitoid assemblage was mainly composed of adventive species, whereas when considering all Kauai sites together plus the site at Volcano, the complete assemblage of parasitoid species, including the two purposely introduced species was found (Table 1) . The latter sites correspond to the higher elevations and were the most undisturbed sites (Ͼ40% of the plants in the patches were native species).
There were overall signiÞcant differences in parasitism by sites (F 7,1131 ϭ 6.33, P Ͻ 0.0001). Total mean parasitism varied from 9.0 to 55.7% across sites (Table  1) . The lowest parasitism rates were found in the Kauai sites and the highest in Palikea and Kunia in the island of Oahu. The latter two sites had intermediate levels of disturbance relative to the other study sites (between 20 and 40% of the plants in the patch were native species).
There was an overall signiÞcant interaction between parasitism by parasitoid and by site, suggesting that parasitism rates by parasitoid was inßuenced by site location (F 42,1131 ϭ 10.78, P Ͻ 0.0001). For most wasps, parasitism rates varied signiÞcantly across sites (Table 2) , except for M. laphygmae (F 7,508 ϭ 1.71, P ϭ 0.1053). Parasitism rates by D. blackburni and T. nr. aitkeni were signiÞcantly higher at the Kokee1 site in Kauai. The adventive species T. flavoorbitalis contributed the most to the mean parasitism in the Oahu sites, with parasitism rates that ranged from 37.6 to 53.9% (Fig. 4) . The other adventive species contributed Ͻ12% to the total parasitism at all sites. P. hawaiiensis was only present in sites above 550 m. Parasitism by the purposely introduced species, M. laphygmae, was recorded in Kauai, Palikea on Oahu and Volcano on Hawaii, with parasitism rates Ͻ3.1%. C. marginiventris was only present in one site on Kauai and at the Volcano site on Hawaii, with parasitism rates of 1.5 and 9.8%, respectively (Fig. 4) .
Discussion
This study presented information on the parasitoid assemblage attacking the larvae of the Hawaiian endemic moth U. stellata between July 2004 and July 2006. This research was conducted to address the nontarget parasitism by purposely introduced species and adventive parasitoids at different sites on an endemic species in Hawaii.
Adventive parasitoid species, especially T. flavoorbitalis, were responsible for the bulk of the parasitism in this study system. Parasitism by purposely introduced biological control agents was minimal (Ͻ10%) and restricted to medium-to high-elevation, relatively undisturbed sites. Similar Þndings have been reported in other systems, where purposely introduced species contributed minimal parasitism compared with adventive species (Duan and Messing 1996 , Barron et al. 2003 , Johnson et al. 2005 . Similarly, our results concur with other studies in that purposely introduced species were found in native habitats far from the original release sites (Asquith and Miramontes 2001 , Henneman and Memmott 2001 , Peck et al. 2008 Fig. 3 . Larval stages susceptible to parasitoid oviposition (solid arrows) and stages at which host is killed and parasitoids emerge (dashed arrows). Horizontal lines represent host use by each of the seven parasitoid species divided into segments representing the six larval stadia of U. stellata plus the pupal stage. those studies either evaluated the parasitoid community in malaise traps or analyzed the food-web structure of native of native Lepidoptera species. Neither approach alone provides a measure of actual mortality caused by the species involved and can result in an exaggeration of the actual impact of the parasitoids.
Instar at the time of collection is a good predictor of the time that the host has been exposed to parasitoids and other mortality factors under Þeld conditions. Therefore, estimates of parasitism might be inßuenced by the distribution of larvae among instars, a factor that is often not recorded in general collections (Van Driesche , Van Driesche et al. 1991 , Lill 1999 , Day 2007 . Even though in this study there was a trend for older Þeld-collected larvae to be parasitized more heavily (except for the sixth instar), no signiÞcant correlation was found between percentage of larvae collected by larval stage and percentage parasitism at any particular stage. This suggests that even though there were disparities in the number of larvae collected by stage this did not bias the estimate of total percentage parasitism by stage. Parasitism of wild larvae collected in late stages does not necessarily mean that they were parasitized at the stage collected but could be an accumulation of parasitoid attack of earlier stages. Therefore, data from life-table studies (Kaufman and Wright 2009b) , where larval age at exposure was known, were used to augment the data from this study, to deÞne boundaries of susceptible stages. The only parasitoid species that was not reared during the life-table studies was D. blackburni, perhaps because it occurs in very low densities at the sites where the studies were carried out. Nevertheless, parasitism of U. stellata by D. blackburni tended to increase with larval stage at the time of collection in this study, which suggests that it parasitizes other larval stages besides the Þrst. All larval stages were vulnerable to parasitism by at least one parasitoid species and in some instances vulnerable to attack by all seven parasitoid species (contemporaneous mortality). The overlap in susceptible stages, especially for the second and third instar, creates the potential for a level of interspeciÞc competition among all seven parasitoid species. However, differences observed in the level of parasitism by individual species by larval stage and the fact that each species parasitizes three to Þve larval stages may mean that discrimination of larval stage for parasitism would be a way to avoid competition, and therefore shape the structure of the parasitoid assemblage associated with the host species in this study system. Larvae collected as later instars suffered less mortality during laboratory rearing than those collected as early instars. Early instars might be more susceptible to mortality because of unknown reasons. In the laboratory colony of U. stellata, mortality because of unknown reasons was also higher in early instars (L.V.K., unpublished data). In addition, it is possible that Þeld collected early instars could be more susceptible to death because of parasitism or multiple parasitism during rearing. In this study, dead larvae were not dissected, but in a partial life-table study (Kaufman and Wright 2009b) no signiÞcant difference was found in death because of unknown causes between larvae that were exposed to parasitoids and larvae that were excluded from parasitoids under Þeld conditions, suggesting that other causes such as natural mortality or stress during rearing, rather than parasitism, were the causal factors.
Trathala flavoorbitalis was the dominant parasitoid contributing the most to the total parasitism in each larval stage. No cumulative trend was observed on parasitism by instars for T. flavoorbitalis, which suggests that most of the Þeld parasitism is inßicted in the early larval stages rather than in later stages, even though this species has been found parasitizing larvae from Þrst to the Þfth instar. This information was corroborated with data collected in the partial lifetable studies (Kaufman and Wright 2009b) , where T. flavoorbitalis was found to have higher parasitism rates in larvae exposed as second and third instars.
By combining the information from the Þeld surveys and data from the partial life-table studies, it is known that T. nr. aitkeni parasitizes larvae from second to sixth instar; however, only larvae exposed from fourth to sixth instar were parasitized during the lifetable studies. This suggests that T. nr. aitkeni prefers parasitizing later instars, perhaps to avoid competition with other parasitoid species attacking earlier instars. The information used to deÞne susceptible stages in this study was based on Þeld-collected data. Laboratory studies exposing parasitoids to different larval stages may provide more deÞnite information about stages physiologically acceptable for parasitism but not necessarily stages exploited under Þeld conditions.
For most parasitoids, parasitism rates were inßu-enced by site location. This is consistent with other studies that have shown that the same nontarget host was not affected equally at different habitats (Barratt et al. 1997 (Barratt et al. , 2007 Benson et al. 2003; Follett at al. 2000b; Johnson et al. 2005) .The fact that densities of larvae, parasitism rates, and parasitoid guild varied among the three sites in the Ditch trail in Kokee State Park suggests that subtle ecological differences inßuence the occurrence of both the moth and its parasitoids signiÞcantly. At the Oahu sites (located between 372 and 781 m), T. flavoorbitalis was the species that contributed the most to the mean parasitism, and ranged from 37.63 to 53.91%, whereas at the three sites at Kokee State Park (981, 1,046, and 1,113 m, respectively), parasitism rates by this species ranged from 0.00 to 2.01%. At the Volcano site (1,229 m), parasitism by T. flavoorbitalis averaged 17.02%. Besides altitude, which correlates with temperature, other attributes of the habitat and ecology and biology of parasitoids seem to be important in determining the occurrence of certain parasitoid species and parasitism rates (Kaufman 2008) .
All of the parasitoid species in this system, except for two species whose origin are unknown, were introduced to Hawaii through human intervention, either accidental or intended. As previously discussed, parasitism rates in this study system were sometimes apparently high (in some cases Ͼ50%), yet these parasitism rates were not found to be inßuencing U. stellata at the population level (Kaufman and Wright, 2009 b) . If nontarget mortality does not result in changes in distribution and abundance of the nontarget, it does not cause impact at the population level (Van Lenteren et al. 2006) .
Caution should be taken when interpreting results presented from Þeld parasitism, because these results do not typically provide a true measure of impact at the population level, as information on the density of the host is generally not provided. Thus, the measure of total losses caused by parasitism for a given stage over an entire generation is rarely available (Chesson 1982 , Van Driesche 1983 , Van Driesche et al. 1991 . They may also overestimate or underestimate the actual level of mortality by particular species in situations where susceptible stages are over-or undersampled (Day 2007, Kaufman and Wright 2009b) .
To date, analyses of nontarget effects have mostly concentrated on determining apparent mortality (Þeld parasitism), which refers to numbers observed dying as a result of a speciÞc (observed) factor, and does not take into account contemporaneous mortality (mortality factors that act together on a population during the same time interval or stage). Instead, marginal attack rate, a factor that is calculated in life table construction, quantiÞes the mortality attributable to a speciÞc factor as if it would have acted alone, which therefore corrects for contemporaneous mortality. As previously pointed out, there is a high probability of contemporaneous mortality in this study system. Few studies attempt to determine the impact on host populations by conducting life-table studies or understand how the structure of parasitoid guild might mediate population impacts. The impact of parasitism by the seven species at the population level on U. stellata, using life-table analysis, is the focus of a separate study (Kaufman and Wright 2009b) .
